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Introduction
Percutaneous vertebroplasty (PVP) is an eﬀective, min-
imally invasive procedure in which polymethylmethac-
rylate (PMMA) cement is injected into a diseased
vertebral body. This technique provides pain relief and
strengthens weakened vertebral bodies. Vertebroplasty
has gained widespread popularity for the treatment of
benign or malignant compression fractures since its ini-
tial description 21 years ago [9]. However, complications
can still occur during the procedure even though PVP is
considered to be minimally invasive. The reported
complication rates range from 1 to 10%, but are gen-
erally minor [3]. This paper reports our experience of a
renal cement embolism during PVP, with a review of the
literature.
Case report
A 57-year-old man, who had fallen from a 2.4 m
ladder 4 months earlier, complained of severe back
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Abstract Percutaneous vertebropl-
asty (PVP) is an eﬀective treatment
for lesions of the vertebral body that
involves a percutaneous injection of
polymethylmethacrylate (PMMA).
Although PVP is considered to be
minimally invasive, complications
can occur during the procedure. We
encountered a renal embolism of
PMMA in a 57-year-old man that
occurred during PVP. This rare case
of PMMA leakage occurred outside
of the anterior cortical fracture site
of the L1 vertebral body, and mul-
tiple tubular bone cements migrated
to the course of the renal vessels via
the valveless collateral venous net-
work surrounding the L1 body. Al-
though the authors could not
explain the exact cause of the renal
cement embolism, we believe that
physicians should be aware of the
fracture pattern, anatomy of the
vertebral venous system, and careful
ﬂuoroscopic monitoring to minimize
the risks during the PVP.
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Seoul, Republic of Koreaaccident. However, since his fall, he had suﬀered from
debilitating back pain refractory to conservative
treatment for 2 months. In particular, he complained
of activity-related pain corresponding to the level of a
compression fracture. The outside computed tomo-
graphy (CT) scans demonstrated a compression frac-
ture of the L1 body without destruction of the
posterior wall and signiﬁcant vertebral collapse. The
magnetic resonance imaging (MRI) showed a slight
step-oﬀ of the anterior cortical margin of the com-
pressed L1 vertebral body, with lower marrow signal
intensity on T1-weighted image (Fig. 1).
It was decided to proceed with PVP of the L1. The
patient was placed in the prone position. An 11-gauge
needle was advanced into the vertebral body via the left
unilateral transpedicular approach using sterile tech-
nique and ﬂuoroscopic guidance under local anesthesia.
The PMMA (Zimmer Inc., IN, USA) cement has two
components: an ampule of liquid and a ﬁne powder of
PMMA containing barium sulfate, e.g., 10 ml ampoule
of liquid to 20 g of powder. Under careful ﬂuoroscopic
visualization, the mixture of PMMA cement and bar-
ium sulfate powder having a consistency similar to that
of toothpaste was slowly injected into the vertebral
body, diﬀusing throughout the intertrabecular marrow
space. Before its injection, the mixture was loaded into
several 1 ml syringes. However, when approximately
8 cc of PMMA had been injected unilaterally, multiple
bone cement was detected at the bilateral renal fossae.
The procedure was immediately stopped. After the
procedure, the back pain had improved by more than
50%, but he still complained of severe right ﬂank pain
and fever. His renal function was impaired and the
BUN to Cr ratio was high (27.2/1.3). On the same day,
both kidneys were swollen (13 cm), and were found to
contain a large amount of hyperechoic materials on the
abdominal ultrasound (Fig. 2). The DMSA (99mTc
dimercaptosuccinic acid) scan has been found to be
quite useful for examining the bilateral kidney damage
in detail, but the patient refused this. The CT scans
Fig. 1 The T1 weighted sagittal magnetic resonance image of the
lumbar spine demonstrates a slight step-oﬀ of the anterior cortical
margin of the compressed L1 vertebral body, with decreased
marrow signal intensity
Fig. 2 Both kidneys are swollen (13 cm), and the abdominal
ultrasound shows large amounts of hyperechoic materials (a, right
kidney; b, left kidney)
S591showed the origin of the leak arising at the level of the
vertebroplasty, and showed cement in the left anterior
external venous plexus draining into both renal veins.
Multiple tubular opacities, which corresponded to the
course of the renal vessels, were detected, with some of
the cement scattered through the left posterior external
venous plexus on the CT scans (Fig. 3). The patient
was diagnosed with a renal embolism and was treated
conservatively. On the sixth day after the procedure,
the BUN to Cr ratio had returned to normal, and the
patient was released from hospital without pain. A
follow-up ultrasound 8 months later revealed promi-
nent atrophy of the right upper renal cortex with
compensatory hypertrophy of the left kidney. However,
the patient is currently doing well and has no subjective
symptoms.
Discussion
Image-guided percutaneous vertebral augmentation or
PVP, was ﬁrst performed in France in 1984, when
Deramond and Galibert et al. [9] injected PMMA into
the C2 vertebra, which had been partially destroyed by
an aggressive hemangioma. Over the next 15 years,
many groups advocated expanding the indications for
PVP to include osteoporotic compression fractures,
traumatic compression fractures, and painful vertebral
metastasis [2, 6, 7, 11, 18, 19]. Our case had the ante-
rosuperior fracture of the L1 body without destruction
of the posterior wall and signiﬁcant vertebral collapse so
that it might not lead to a technically diﬃcult verteb-
roplasty procedure; or might not constitute relative
contraindications [6].
Even though PVP has many advantages including its
simplicity, easy approach, and minimally invasiveness,
many authors have reported several complications. The
reported complication rates range from 1 to 10%, with a
higher incidence of complications in cases with meta-
static lesions [3]. However, complications are rare
(12%) with osteoporosis, and are generally asymp-
tomatic and transient [2, 11, 19]. The reported compli-
cations associated with these procedures include
hypotension, rib fractures [18], dural tear [1], pulmonary
cement embolism [1, 4, 14], adult respiratory distress
syndrome [18], cerebral cement embolism [15], root
compression due to intraforaminal cement leakage [6],
paraplegia due to spinal cord [6] and cauda equina
compression [16], intravascular extension of cement [1],
infection, and cement toxicity [12].
The vascular leakage of PMMA, although rare,
might have disastrous consequences.
1. The viscosity of the PMMA cement is a crucial aspect
during the procedure, and progressively increases as a
result of methyl methacrylate polymerization. The
rate of polymerization depends on several diﬃcult-to-
evaluate factors, including the ambient temperature
and the quantity of the solvent. A paste is preferred
to a liquid consistency because the latter may cause
leakage of the PMMA into the venous system, par-
ticularly when the lesion is a highly vascular or
extensive osteolytic tumor [5, 6]. However, it is not
Fig. 3 Computed tomography scans show the origin of the leak
arising at the level of the vertebroplasty (a), revealing cements in
the left anterior external venous plexus draining into both renal
veins (b)
S592always possible to maintain the appropriate viscosity
of PMMA at all times prior to the injection because
the viscosity of the PMMA changes over time. The
possibility that the renal cement embolism was
caused by insuﬃcient polymerization of the PMMA
at the time of injection could not be excluded.
2. An adequate amount of the infusing PMMA is also
recommended. Cotten et al. [6] reported that pain
relief does not appear to be proportional to the de-
gree of lesion ﬁlling by the PMMA. In addition,
Martin et al. [13] reported that complications were
mainly related to an excessive PMMA injection.
3. Good-quality ﬂuoroscopy is essential for the early
detection of a minimal cement leakage into the pe-
rivertebral vein. Jensen et al. [11] recommended a
barium/tungsten combination in order to allow for
adequate visualization of venous ﬂow as well as early
detection of venous PMMA migration during ﬂuo-
roscopy. In our case, renal cement embolism caused
by perivertebral venous migration was not early rec-
ognized. Injection was performed under lateral ﬂuo-
roscopy, paying particular attention to the epidural
space, the spinal canal, and the perivertebral veins.
But real-time detection of laterovertebral leakage
remained diﬃcult owing to overlap of the cement
ﬁlling vertebral body, even though intermittent an-
teroposterior ﬂuoroscopy could not overcome this
problem. Gangi et al. [8] recommended that CT
guidance increases precision, improves the results,
and reduces complications. But this is also the lack of
real-time visualization of cement leak.
4. The vertebral venography should be carried out be-
fore the PMMA injection. However, its value is also
contentious. Jensen et al. [11] advocated the use of
antecedent venography to decrease the incidence of
complications associated with the needle placement
within the basivertebral venous plexus and to delin-
eate the route of cement egress. However, Deramond
et al. [7] reported that the lesion is stained by the
injection of contrast media in the case of spinal tu-
mors, which interrupts the early venous leakage, and
that the diﬀerent ﬂow characteristics of the contrast
material and PMMA hamper the predictive value of
venography [14]. Venography is not usually per-
formed at our center. In our case, the PMMA leaked
outside of the left anterior cortical fracture site of the
L1 vertebral body and multiple tubular bone cement
migrated to the course of the renal vessels via the
anterior external vertebral venous plexus. Anatomi-
cally, the vertebral venous system is a large valveless
collateral venous network within and around the
vertebral column, extending from the sacral hiatus
along the entire length of the vertebral column up to
the foramen magnum [10]. There are also a large
number of connections to the subcutaneous and
vertebral veins as well as the sacral venous plexus. We
do not know whether the cause of the renal cement
embolism was via the vertebral venous network or the
inappropriate PMMA viscosity.
5. The patient’s position is also clinically important.
Vogelsang reported that the intraosseous pressure re-
corded in the lumbar spinous process increased by
compressing the inferior vena cava, which he called
‘‘retrograde congestion’’ [17]. Under this condition,
the vertebral pressure is increased, which might reduce
the risk of fat, bone marrow, air and bone cement
extrusion into the IVVP and EVVP. Our procedure
used a hand injection method for the PMMA in order
to prevent an increase in the injection velocity.We
could not determine the precise cause after a lengthy
review of the whole procedure, but it is possible that
there might have been some vascular anomaly, such as
congenital communication, between the vertebral ve-
nous system and renal vessels.
Conclusion
The authors encountered an unexpected renal embolism
during PVP. We could not explain the exact cause of the
renal cement embolism, but we believe that physicians
should be aware of the fracture pattern, anatomy of the
vertebral venous system, and careful ﬂuoroscopic mon-
itoring to minimize the risk during the PVP.
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